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Juan Burrone
An important challenge in
neuroscience is to understand how
neurons connect with each other
to perform computations.
Experimentally, this requires
measuring the transfer of
information at individual synapses,
the sites of communication
between neurons. Achieving this is
no easy feat, as there are a number
of experimental prerequisites for
probing the fast, local and small
episodes that constitute a synaptic
event. Although electrophysiologi-
cal techniques are remarkably
sensitive, they do not afford much
spatial resolution and cannot easily
be used to study the properties of
individual synapses. For this
purpose researchers have turned
to optical imaging techniques. To
date, the best known optical
reporters of neuronal activity are
organic calcium dyes; used in
combination with modern imaging
techniques, they report changes in
calcium influx within a single
synapse and have the sensitivity to
detect responses to single action
potentials. A drawback of these
dyes, however, is the invasiveness
of the technique, as the dyes have
to be introduced into cells either
mechanically through a patch
pipette or by using membrane
permeable analogs (less invasive,
but also less specific). 
With the development of
genetically encoded calcium
probes that are expressed in situ,
this problem was circumvented,
albeit at a cost in sensitivity.
Genetically encoded optical
reporters of activity, which include
calcium sensors and the reporter
of synaptic vesicle cycling,
synaptopHluorin, lack the required
sensitivity to detect responses to
single action potentials [1]. In
addition, they report processes
with slow time constants, in the
order of hundreds of milliseconds
to seconds. Given that synaptic
events occur at the millisecond
timescale, these probes are
somewhat slow for the proper
resolution of information transfer
at a synapse. A new probe, called
synapcam, overcomes at least
one of these drawbacks, by
allowing the detection of
postsynaptic glutamatergic events
in response to a single
presynaptic action potential [2].
In the Right Place at Not Quite
the Right Time
There are a variety of genetically
encoded reporters of cytosolic
calcium concentration. One such
calcium sensor, called Cameleon
for its spectral shifts in response to
calcium, is composed of a calcium
binding calmodulin domain linking
a cyan fluorescent protein (CFP) at
one end and yellow fluorescent
protein (YFP) at the other [3]. Upon
binding calcium, calmodulin
changes conformation, bringing
CFP and YFP in close proximity,
allowing a process called
fluorescence resonance energy
transfer (FRET) to occur (Figure 1).
Following the description of the
first Cameleon probe, a number of
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A number of genetically encoded reporters of neuronal activity are
being developed to assay synaptic activity with single synapse
resolution. A recently engineered probe allows imaging of
glutamatergic transmission with high sensitivity, and similar probes
may help pave the way for optical imaging of excitatory synaptic
function in vivo.
different upgrades have appeared,
each trying to further increase
sensitivity to achieve the ultimate
goal of resolving responses to a
single action potential [4]. So far,
none of the cytosolic versions of
cameleon have yet accomplished
this goal. 
Guerrero et al. [2] took a
different approach by spatially
targeting Cameleon to
postsynaptic compartments,
close to glutamate receptors in
the hope of increasing sensitivity.
They inserted Cameleon into an
engineered protein composed of
the fusion between a
transmembrane protein CD8 and
the PDZ domain of the shaker
potassium channel, known to
cluster at postsynaptic sites in
Drosophila muscle [5]. The result
is a highly localized postsynaptic
probe, called synapcam 2.1,
which reports the local changes in
postsynaptic calcium in response
to a single stimulation of the
motorneuron afferent.
To improve the temporal
resolution of the probe, Guerrero
et al. [2] performed a single
mutation on one of the four
calcium binding sites in
calmodulin, resulting in a decrease
in the affinity for calcium and a
faster decay of the signal, without
any significant loss in sensitivity.
These properties are captured in
the upgraded version, synapcam
3.1, a less saturable and faster
calcium probe. Although this is a
good first step, the rate of
dissociation of calcium from the
probe remains too slow to
measure high frequency events.
Even so, the improved sensitivity
and faster kinetics of synapcam3.1
are an important advance for
genetically encoded reporters and
allows for interesting experiments
to be performed in vivo.
A Road Map of Synaptic Strength
Guerrero et al. [2] made use of this
probe to perform in vivo imaging
of synaptic transmission at the
Drosophila neuromuscular junction
(NMJ). Morphologically, the NMJ
receives inputs from motor neuron
axons, which ramify forming
secondary branches that cover the
entire junction. Here, the transfer
of information relies on the release
of neurotransmitter from a
presynaptic nerve terminal onto
the postsynaptic receptors of the
muscle, which then relay the
signal intracellularly for muscle
contraction. Much as in the
mammalian brain, at the
Drosophila NMJ glutamate is the
main excitatory neurotransmitter
of choice. It binds to postsynaptic
ligand-gated glutamate receptors
allowing ions to flow through it
and depolarize the plasma
membrane. In Drosophila muscle,
glutamate receptors are thought to
be permeable to calcium, resulting
in postsynaptic increases in
intracellular calcium upon
activation. 
When stimulating the nerve axon
Guerrero et al. [2] found that, not
surprisingly, the amplitude of the
postsynaptic calcium responses
compared across different
synapses of a single junction were
heterogeneous, varying in size by
up to 14-fold. Previous studies in
mammalian neurons have shown
that the strength of synaptic
connections onto a given neuron,
measured either as presynaptic
release probability [6] or
postsynaptic calcium responses
[7], are indeed remarkably
heterogeneous [8]. Perhaps the
more insightful description of this
heterogeneity is the correlation
between structure and function.
The authors found that the
amplitude of a postsynaptic
response is graded with the
distance from an axon branch
point: the further away from a
branch, the larger the amplitude. 
Such a correlation with
presynaptic structure spurred
Guerrero et al. [2] to look in more
detail at the functional properties
of the presynaptic boutons. They
expressed either cytosolic
Cameleon or synaptopHluorin, a
probe that reports exocytosis and
endocytosis at individual boutons,
in motorneurons. They then
measured presynaptic responses
to a burst of action potentials and
found that both the increases in
calcium and the amount of
exocytosis which occurs at
individual boutons along the nerve
axon also show a similar spatial
Dispatch    
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Figure 1. Diagram of the FRET response of synapcam 3.1. 
(A) At rest, YFP and CFP remain far away from each other. Upon stimulation of the
nerve and release of glutamate presynaptically, glutamate receptors on the muscle
plasma membrane open, allowing calcium influx. Intracellular calcium binds to calmod-
ulin bringing YFP and CFP in close vicinity. (B) In this situation, the excitation of CFP is
transferred to YFP, resulting in a decrease in CFP emission and an increase in YFP
emission, a process known as FRET. From the ratio of the two signals a FRET signal is
obtained.
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correlation. Together, these
results indicate that presynaptic
strength is highly dependent on
its location along the axon. This
correlation is intriguing and poses
interesting mechanistic questions.
How is this gradient set up? Is the
gradient in presynaptic strength
pre-established during
development or does neuronal
activity also play a role? And
finally, what functional
significance does this have on
muscle function? Using the
techniques developed here,
important forays into these crucial
questions will no doubt follow.
Future Avenues
The approach taken by Guerrero
et al. [2] shows that targeting
calcium sensors to specific
compartments may be one way to
increase sensitivity. One can
further imagine using similar
probes in the mammalian brain.
Specifically, one could target a
calcium sensor to the calcium
permeable glutamate receptor —
known as the NMDA receptor for
its pharmacological agonist — by
means of fusion proteins with
either the receptor itself or with
other scaffolding proteins
associated with it. Calcium influx
through NMDA receptors is
crucial in mediating activity
dependent changes in synaptic
strength and reporters of this
activity would be important
additions to the already available
tools. Similarly, one could also
have a readout of neuronal output
by targeting presynaptic
compartments. Calcium influx
through voltage sensitive calcium
channels could be monitored by
attaching the calcium sensor to
active zone proteins close to the
plasma membrane. Rises in
presynaptic calcium control
neurotransmitter release and
vesicle cycling in presynaptic
terminals. Genetically encoded
reporters of this activity would
allow functional imaging of
presynaptic activity in vivo. Such
probes would no doubt also be
important advances in the road to
functional imaging in the
mammalian brain. 
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Scott L. Hooper
Work in a variety of systems
suggests that motor pattern
variants, for example right turns
during walking, are induced by
activity in small numbers of
descending ‘command’ neurons.
These neurons feed onto an
intermediary level of interneurons
which, in turn, alter the output of
the neural network that generates
the motor pattern in question.
Early work in leech suggested that
the functional segregation present
at the level of the descending
inputs — one set for right turns,
one for lefts turns — is largely lost
at the intermediary level, in that
most or all intermediate neurons
were active in all turns, and which
direction of turn was produced
depended on the collective activity
of the entire intermediate layer. 
As they report in a recent issue
of Current Biology, however, Jing
and Weiss [1] have now shown
that, in the sea slug Aplysia,
segregated functional pathways
are present at all levels between
descending inputs and the motor
pattern generating network. These
data thus suggest that nervous
systems do not use a single type
of network organization to induce
motor pattern variants.
In primates, a reaching
movement is preceded by firing in
motor cortex neurons. Each
neuron fires most strongly for
reaches in a preferred direction,
and one interpretation of this is
that the neurons induce movement
in that direction [2,3]. In the
lamprey, firing of individual
descending reticulospinal neurons
was found to induce motor neuron
activity which would cause turns in
specific directions [4–7]. And in
the leech, touching the body wall
induces bendings away from the
site of the touch [8–12]. Although,
in this last case, sensory neurons
are being activated, these neurons
are functionally analogous to the
motor cortex and reticulospinal
neurons noted above, in that there
is a one to one correspondence
between neural activity and motor
response — for example,
stimulation of the leech dorsal
body wall receptor results in
ventral body wall bending. In each
of these three cases, therefore,
Movement Control: Dedicated or
Distributed?
Neural networks in which ‘commands’ spread ‘horizontally’ across
multiple neurons have been believed to mediate motor pattern
variation. A recent study shows that dedicated ‘vertical’ neural
pathways can also underlie these variations.
